absTRacT Introduction: Sibutramine has been described as a drug recommended for treatment of obesity, since it has the ability to inhibit the reuptake of serotonin and noradrenaline in the central nervous system, thereby increasing energy expenditure. Objective: Investigate the anxiogenic and anxiolytic effects of acute and chronic treatment with sibutramine in rats submitted to the task of the elevated plus-maze. Methods: Diazepam was used as a positive control for the anxiolytic effect, and the task of the elevated plus-maze showed sensitivity to detect the effect. In the chronic treatment, sibutramine was ingested for a period of two months. Results: The acute and chronic treatments at the studied dose, which is described to produce a maximum effect of anti-obesity in rats, did not interfere with anxiety. Conclusions: The acute and chronic administration of sibutramine is not related to anxiolytic or anxiogenic effects. Arq Bras Endocrinol Metab. 2010;54(4):375-80
S erotonin (5-HT) and noradrenaline (NA) play an important role in the control of energy balance, and are involved in the symptomatology related to obesity, depression and anxiety. Thus, both neurotransmitter pathways have been given special attention as antiobesity and antidepressant agents (1) .
Sibutramine (BTS54524; N-[1-[1(4-chloro phenyl) cyclobutyl]-3methyl N, N-dimethylamine hydrochloride monohydrate − Figure 1 ) has been described as a drug recommended for long-term treatment of obesity, since it has the ability to inhibit 5-HT and NA reuptake, but without affinity to histaminic, muscarinic and alpha 1-adrenergic receptors (2) (3) (4) . It has been affirmed that the in vivo effects of sibutramine are mediated by the inhibition of the reuptake of 5-HT and NA in the central nervous system, thus increasing the expenditure of energy (5) (6) (7) (8) . Furthermore, locomotion has been observed to be a major determinant of the sibutramine-induced increase in energy expenditure (9) . Thus, although preliminary animal experimentation data have supported the antidepressant effect of sibutramine (10) , less promising results have been obtained in clinical trials leading to its approval as an anti-obesity agent (11, 12) .
On the other hand, nontriclyclic agents, such as selective serotonin (SSRI) and serotonin-noradrenaline (SNRI) reuptake inhibitors, have been preferred for use in the treatment of anxiety and depression, but have failed to achieve sustained weight loss in the treatment of obesity (1, (13) (14) (15) . Despite this, as with sibutramine, SSRIs and SNRIs have also increased locomotion (16, 17) . Thus, it has been observed that reduction in anxiety through long-term treatment with serotonin reuptake inhibitors is probably related to the increase in locomotor activity, since diazepam as a rapidly-acting anxiolytic produces locomotor effects similar to those of these other drugs (17) .
This study aims to investigate the acute and chronic effects of sibutramine on rats tested on the elevated plus-maze, and to describe the clinical status. We have demonstrated that the mechanisms modulated by 5-HT 2 receptors are involved in the increase of locomotion and in the lower increase in body weight of rats treated chronically with sibutramine (18) . In the present paper we evaluated the acute and chronic effects of sibutramine on the elevated plus-maze task. Our hypothesis is that acute and chronic administration of sibutramine is not related to anxiolytic effects, despite the fact that locomotion-increasing behavior has been described as the most plausible hypothesis for the anxyolitic-like effects of serotonin reuptake inhibitors (17) . ges, with controlled access to water and food, following a 12-h light/dark cycle (lights on at 7.00 AM) at a constant temperature of 23°C. The normocaloric ration given to rats consisted of metabolizable energy (ME) of about 2935 calories ME/kg (carbohydrates = 1750 cal. ME/kg, fat = 485 cal. ME/kg, and protein = 700 cal. ME/kg). All experimental procedures were carried out in accordance with the guidelines recommended by the Brazilian Society for Neuroscience and Behavior (SBNeC) for animal care, and by National Institute of Health standards. The experimental protocol was approved by the Ethical Committee of the Lutheran University of Brazil.
Drugs and treatment procedure
In the acute treatment, sibutramine (Medley ® ) or diazepam (Sigma ® ) was dissolved in a saline solution. The rats received saline, diazepam (1 mg/kg) (19) or sibutramine (10 mg/kg) (20) intraperitoneally in a volume of 1 mL/kg. Diazepam was used as a positive control for the anxiolytic effect. The animals were separately subjected to the task thirty minutes after injection. In the chronic treatment sibutramine was administered to the rats daily over a period of two months (4, 18) . During the experimental period the rats were kept in individual metabolic cages and given 40 g of food per day, plus 50 mL of liquid, in accordance with the following groups: 1) control: rats which received water; and 2) sibutramine: rats which received 14 mg/kg/day of sibutramine dissolved in water (21) .
The final body weight of control rats and those who received sibutramine was 346.8 ± 10.9 g and 301.2 ± 8.3 g (mean ± S.E.M), respectively. There were no differences between groups regarding the levels of plasma glucose and triglycerides after treatment. Glucose levels in control rats and those who received sibutramine were 134.8 ± 6.8 and 122.4 ± 8.5 mg/dL (mean ± S.E.M.), respectively. Plasma triglycerides in both groups were 44.0 ± 3.7 and 43.2 ± 5.7 mg/dL (mean ± S.E.M.), respectively. The fluid intake was measured daily, and the average consumption was 37.2 ± 4.2 mL/day (mean ± S.E.M.). Thus, the sibutramine group ingested a concentration of 10.4 ± 1.1 mg/kg/day (mean ± S.E.M.) of the drug. The final concentration used has been described to produce maximal antiobesity effect, increasing satiety in rats (4). Furthermore, the selected dose reflected the usual dose pointed out in literature for experiments with rats (22,23). subjecTs anD meTHoDs subjects Male Wistar rats from our breeding colony weighing between 308.7 ± 19.1g (mean ± S.E.M., n = 70) were used. They were housed individually in metabolic ca- Absence of sibutramine effect on anxiety elevated plus-maze task
The elevated plus-maze task used in animal models of anxiety is described in detail elsewhere (24) . Briefly, the apparatus consisted of two open arms (50 cm x 10 cm) and two enclosed arms (50 cm x 10 cm x 40 cm), arranged in such a way that the two arms of each type were opposite to each other and to a platform (10 cm x 10 cm). The height of the maze was 50 cm, and the tests were conducted under dim red light. After the acute and chronic experiments, the animals were placed individually on the central platform of the plus-maze. 
statistical analysis
In the acute treatment, the comparison of elevated plusmaze data was examined through one-way ANOVA followed by Duncan's test. In the chronic treatment, data were analyzed by the Student t-test. The results were expressed as mean ± S.E.M. In the comparison, p < 0.05 was considered as indicating statistical significance. Statistical tests were performed using the SPSS for Windows program.
ResulTs
The elevated plus-maze task of the rats given saline, diazepam and sibutramine in the acute treatment is shown in figure 2 . Sibutramine (10 mg/kg) did not alter the percentage of entries in the open and enclosed arms (Figure 2A ; p = 0.19) and the percentage of time spent in these arms ( Figure 2B ; p = 0.13) compared to saline group. Another concentration (20 mg/kg) did not show any effect on this task (results not shown).
On the other hand, diazepam significantly increased the percentage of entries ( Figure 2A ) and time spent ( Figure 2B ) in the open arms (p < 0.05) compared to the saline group. The behavior of rats who received water and those who received chronic treatment with sibutramine is shown in figure 3 . There were no significant differences between the groups regarding the percentage of entries ( Figure 3A ; p = 0.11) and time spent ( Figure 3B ; p = 0.09) in the open and enclosed arms, suggesting that chronic treatment with sibutramine did not induce anxiolytic or anxiogenic effects.
Discussion
The results of the elevated plus-maze task showed that acute and chronic treatments with sibutramine are not associated with the expression of anxiety-related behaviors ( Figure 3 ). In the acute treatment, the percentage of entries and time spent in the enclosed arms were longer in the sibutramine group than in the saline group but the difference was not significant (Figures  2A and 2B) . Elevated plus-maze is a task which reliably detects the anxiolytic effect of clinically relevant benzodiazepine drugs (25) , such as diazepam that display an anxiolytic-like behavioral profile with the percentage of entries and time spent in the open arms being increased (Figures 2A and 2B ). On the other hand, drugs that elicit a decrease of the entries and time spent in the open arms are considered as anxiogenic (24) . The results with diazepam validated the sensitivity of this model in our laboratory. Moreover, the elevated plus-maze has detected the anxiolytic effect of chronic milnacipran, a serotonin-noradrenaline reuptake inhibitor (SNRI) antidepressant (26) , and the anxiogenic effect of acute fluoxetine and paroxetine (27) . These findings favor the position that elevated plus-maze conventional measurements are sufficient and reliable for detecting anxiolytic or anxiogenic-like effects of antidepressant drugs. Clinical evidence demonstrates that chronic treatment with drugs which inhibit 5-HT and NA reuptake is effective in treating anxiety-related diseases (26, 28) . As regards the pharmacological profile of sibutramine, it was developed as an antidepressant drug (22) , but with less promising results in clinical trials, leading to its approval as an anti-obesity agent (11, 12) . The antiobesity effect of sibutramine is described as a consequence of a dual mechanism: a reduction of energy intake by increasing satiety, and an increase in energy expenditure (12) . In relation to the increase in energy expenditure, this may be due to an increase of thermogenesis and locomotion, in cases where both 5-HT and NA systems are important regulators (9) . Thus, we have demonstrated by means of an open-field task that mechanisms modulated by 5-HT 2 receptors are involved in the increase of locomotion in rats treated chronically with sibutramine (18) .
Serotoninergic mechanisms of antidepressant agents, such as SSRIs (citalopran, fluoxetine, paroxetine, fluvoxamine) and SNRIs (venlafaxine, duloxetine), also play an important role in the increase of locomotor behavior (16, 17) . Interestingly, a reduction in anxiety as a result of the chronic use of these drugs is observed as being related to the increase of locomotor activity under the conditions of a new environment, as is the case with diazepam as an anxiolytic agent (17) . Furthermore, it has been observed that this response to SSRIs and SNRIs in motor behavior differentiates them from other classes of antidepressant agents which reduce anxiety but fail to increase locomotor activity, such as tricyclics (imipramine, amitriptyline) and the mixed SSRI/5-HT 2 antagonists, nefazodone and trazodone (16) .
Discussing the acute and chronic results, administration of established antidepressants in animals has been reported to produce anxiolytic- (26, 29) or anxiogeniclike (27, 30) effects in some studies and no specific effect in others (27, 31) . Pharmacologic manipulations of the serotoninergic system in animal models indicate that different mechanisms, presumably due to 5-HT receptor specificities (32) , are involved in the expression of anxiety-related behaviors (33, 34) . It has been reported that the initial effect of acute administration of serotonergic compounds is increased anxiety (35) . In addition, the interaction between 5-HT and NA may play an important role in the etiology of anxiety disorder (36) . Consequently, it has been described that medications (SNRIs) modulating 5-HT and NA system can be an effective treatment of this disorder, such as milnacipran, venlafaxine and duloxetine (37) .
In this study, we have hypothesized that the effect of inhibiting serotonin-noradrenaline reuptake by sibutramine could be effective in the long-term treatment of anxiety, but we have concluded that the chronic use of sibutramine is not related to anxiolytic effects ( Figures  3A and 3B) , or even to its action in increasing locomotor activity through serotoninergic mechanisms (18) . Furthermore, in contrast to what has been reported by Jorge and cols. (38) , the acute treatment is not associated with anxiolytic effects (Figures 2A and 2B ). Jorge and cols. (38) described anxiolytic effects of sibutramine after a single administration. We believe that the effect of inhibiting serotonin-noradrenaline reuptake by sibutramine which increases locomotor behavior (9, 18) and energy expenditure (9) with anti-obesity activity, makes it possible for this drug to be included in a class of SNRIs which are not effective in the treatment of anxiety. In addition, we believe that the mechanism of activity of antidepressant drugs and their influence not only on anxiety and depression may be important in the characterization and differentiation of these agents.
